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TECHNICAL FIELD 

The present invention relates to a control device and a 
10 voltage conversion method for a voltage conversion device, a 
recording medium, a program, a driving system, and a vehicle 
carrying the driving system. In particular, the present invention 
relates to a device having a reactor for temporary storage of energy 
based on a current from a power source, for converting a voltage 
15 of the power source, which is input using the reactor, into a desired 
voltage through switching of a switching element to output. 

BACKGROUND ART 

20 As a conventional driving system of the above -de scribed kind, 

there is proposed a system comprising, for example, a battery 
serving as a power source of the driving system, a DC/DC converter 
for applying DC/DC conversion to an input voltage from the battery, 
a load having an inverter for converting an output from the DC/DC 

25 converter into a multi-phase AC current and a motor for rotation 
driving while receiving the multi-phase AC current from the 
converter, and a capacitor arranged between the DC/DC converter 
and the load and connected to the positive and negative bussbars 
(lines) of the inverter circuit. In such a system, the DC/DC 

30 converter applies DC/DC conversion to an input voltage from the 
battery and the converted voltage is then stored in the capacitor 
so that the load is driven using the power-stored capacitor then 
considered as a DC power source. 

In this system, while driving control of a DC/DC converter 



1 



is performed such that the amount of power corresponding to an 
output required by a load, or "a load requiring output", can be 
obtained from the battery, the voltage stored in the capacitor 
can remain in a stable condition while the driving system can achieve 
5 stable driving. General batteries are designed to be capable of 
supplying an amount of power corresponding to a load requiring 
output. However, there may be situations in which, depending on 
the condition of the battery, a battery cannot supply an amount 
of power corresponding to a load requiring output when, for example, 

10 the battery inner resistance has increased due to low battery 
temperature. Were the DC/DC converter be, in such a case, given 
driving control simply such that an amount of power corresponding 
to a load requiring output is fed to the load, power consumption 
due to inner resistance of the battery may increase, resulting 

15 in a drop in power supplied to the load. 

DISCLOSURE OF INVENTION 

Control by a voltage conversion device of the present 
20 invention enables more appropriate conversion of an input voltage 
from a power source depending on the condition of the power source. 

Specifically, with control by a voltage conversion device 
according to one aspect of the present invention, a current range 
setting means sets a range of current from a power source based 
25 on output characteristics of the power source corresponding to 
the condition of the power source, which is determined by a condition 
detection means, and a control means controls switching of a 
switching element such that the current from the power source 
remains in the current range set by the current range setting means . 
30 This arrangement enables more appropriate extraction of an output 
from the power source based on the output characteristics of the 
power source corresponding to the condition of the power source. 
Here, "output characteristic of a power source" refers to 
correlation between an output and a current from the power source. 
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With control by a voltage conversion device according to 
another aspect of the present invention, a ratio range setting 
means sets a range of ratios each between a period with an upper 
switching element remaining in an ON state and a period with a 
5 lower switching element remaining in an ON state, or a ratio range, 
based on output characteristics of the power source corresponding 
to the condition of the power source, which is determined by the 
condition detection means, and a control means controls the ratio 
between the periods with the respective switching elements 

10 remaining in an ON state so as to remain within the ratio range 
set by the ratio range setting means. This arrangement enables 
more appropriate extraction of an output from the power source 
based on the output characteristics of the power source depending 
on the condition of the power source. Here, ''output 

15 characteristics of a power source" refers to correlation between 
an output of the power source and a ratio between periods with 
the respective switching elements remaining in an ON state. 

With control by a voltage conversion device according to 
another aspect of the present invention, the control means controls 

20 switching of a switching element such that the voltage of the power 
source, which is detected by the voltage detection means, remains 
in a predetermined range. Monitoring the 'condition of the power 
source by monitoring its voltage enables more appropriate 
extraction of an output from the power source. 

25 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a block diagram schematically showing a structure 
of a driving system 20 according to one embodiment of the present 
30 invention; 

Fig. 2 is a diagram showing an example of the driving system 

20; 

Fig . 3 is a flowchart of an exemplary DC/DC converter driving 
control routine to be executed by an electronic control unit 40 
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of the driving system 20 in the embodiment; 

Fig. 4 is a map illustrating relationship between inner 
resistance Rb and temperature of a battery 22; 

Fig. 5 is a diagram showing one example of output 
5 characteristic of the battery 22; 

Fig. 6 is a diagram showing output characteristics of the 
battery 22 with the inner resistance Rb of the battery 22 being 
a value R0 and those of the battery 22 with the inner resistance 
Rb being a value 1 (R1>R0) ; 
10 Fig. 7 is a diagram showing an exemplary load driving control 

routine to be executed by the electronic control unit 40 of the 
driving system 20; 

Fig. 8 is a diagram schematically showing a structure of 
a driving systeml20ofa second embodiment of the present invention; 
15 Fig. 9 is a diagram showing an exemplary DC/DC converter 

driving control routine to be executed by an electronic control 
unit 140 of the driving system 120 in the second embodiment; 

Fig. 10 is a diagram showing an example of output 
characteristics of the battery 122; 
20 Fig. 11 is a diagram showing setting of an optimum duty ratio 

DR; 

Fig. 12 is a flowchart of an exemplary DC/DC converter driving 
control routine to be executed by an electric control unit of a 
driving system in a modified example; 
25 Fig. 13 is a flowchart of an exemplary DC/DC converter driving 

control routine to be executed by an electronic control unit 40 
of the driving system in the embodiment; and 

Fig. 14 is a flowchart of an exemplary DC/DC converter driving 
control routine to be executed by the electronic control unit 40 
30 of the drive system in the embodiment. 

BEST MODE FOR CARRYING OUT THE INVENTION 
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In the following, embodiments of the present invention will 
be described. 

Fig. 1 is a schematic diagram showing a structure of a driving 
system 20 in an embodiment of the present invention of the present 
5 invention. The driving system 20 in the embodiment comprises, 
as shown, a battery 22, a DC/DC converter 24 serving as a voltage 
conversion device for applying DC/DC conversion to an input voltage 
from the battery 22 to output, a capacitor 26 adapted to storing 
an output current from the DC/DC converter 24, a load 28 adapted 

10 to being driven using a stored current in the capacitor 26, and 
an electronic control unit 40 for controlling the entire device. 

The battery 22 may be prepared, for example, as a secondary 
battery of nickel hydrogen or lithium ion. 

The DC/DC converter 24 comprises two serially connected 

15 transistors Tl, T2, two diodes Dl, D2 , and a reactor L, in which 
the two transistors Tl, T2 are respectively connected to the 
positive and negative lines and on the source and sink sides of 
the load 28; the two diodes Dl, D2 are reverse parallel connected 
to the transistors Tl, T2, respectively; and the reactor L is 

20 connected to a point at which connecting the transistors Tl, T2 . 

In the DC/DC converter 24, when the transistor T2 is turned 
on, a short circuit is formed connecting the battery 22, the reactor 
L, and the transistor T2, so that energy according to a DC current 
flowing from the battery 22 is stored in the reactor L. When the 

25 transistor T2 is then turned off, the energy stored in the reactor 
L is then stored in the capacitor 26 via the diode Dl . In the 
above, the voltage of the capacitor 26 can become higher than a 
voltage fed by the battery 22. In this DC/DC converter 24, it 
is also possible to charge the battery 22 using stored charge in 

30 the capacitor 26 . Inthissense, the DC/DC converter 24 constitutes 
an elevating/descending voltage chopper circuit which can charge 
the capacitor 26 through turning on/off of the transistors Tl, 
T2 and also charge the battery using stored charge in the capacitor 
26. It should be noted that the reactor of the DC/DC converter 
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24 may employ a coil. 

The load 28 may have a structure, as shown in Fig. 2, for 
example, comprising an inverter and a generator or a motor as mounted 
in an electric and/or hybrid vehicle (see Fig. 2 (a) ) or a structure 
5 comprising two parallel connected inverters respectively 
connected to a motor and a generator (see Fig. 2 (b) ) , though the 
motor or generator as mounted to an electric or hybrid vehicle 
is not an exclusive example and any electric device which can be 
driven using power from the battery 22 is also applicable. 

10 The electronic control unit 40 is constructed as a micro 

processor having a CPU 42 as a main component, as shown in Fig. 
1, and comprising a ROM 44 for storing a process program, a RAM 
46 for temporal data storage, and input/output ports (not shown) . 
The electronic control unit 40 receives via an input port a battery 

15 voltage Vb from a voltage sensor 30 mounted to the battery 22, 
a battery current lb from a current sensor 32 mounted to a power 
line connecting the battery 22 and the DC/DC converter 24, a 
capacitor voltage Vc from a voltage sensor 34 mounted to the 
capacitor 26, and a command value concerning driving of the load 

20 28. Meanwhile, the electronic control unit 40 outputs, via an 
output port, a switching control signal to the transistors Tl, 
T2 of the DC/DC converter 24 and a driving control signal to the 
load 28. 

Operation of the thus structured driving system 20 of the 
25 embodiment, in particular, driving control of the DC/DC converter 
24, will be described. 

Fig. 3 is a flowchart of an example of a DC/DC converter 
driving control routine to be executed by the electronic control 
unit 40 of the driving system 20 in the embodiment. This routine 
30 is repetitively performed at predetermined intervals of time (for 
example, 0.2 msec). 

Specifically, upon start of the DC/DC converter driving 
control routine, the CPU 42 of the electronic control unit 40 reads 
information concerning condition of the battery 22, including a 
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capacitor target voltage Vc*, a battery voltage Vb from the voltage 
sensor 30, a battery current lb from the current sensor 32, and 
a battery electromotive voltage Vbo (S100) . Here, a capacitor 
target voltage Vc* is determined based on a required output P which 
5 serves as a command value concerning driving of the load 28, in 
other words, determined as a voltage of the capacitor 26 necessary 
in driving the load 28 using an amount of output equal to a required 
output P. A battery electromotive voltage Vbo exhibits a 
substantially constant voltage value even though the temperature 

10 or current of the battery 22 should change and is preset as a constant 
in the embodiment. It should be noted that, as a battery 
electromotive voltage Vbo, a battery voltage Vb with the battery 
current lb being 0 may be measured using a voltage sensor and stored 
in the RAM 46 or the like. 

15 After the reading of the information concerning condition 

of the battery 22 , a ratio between a period with the upper transistor 
Tl remaining in an ON state (Tlon) and that with the lower transistor 
T2 remaining in an ON state (T2on) , or a duty ratio D, is calculated 
as "Tlon/ (Tlon+T2on) " based on the read capacitor target voltage 

20 Vc* andbattery voltage Vb and using the expression (1) belowwherein 
a corresponds to correction of the duty ratio D. 

D=Vb/Vc*+a ...(1) 

25 Subsequently, internal resistance Rb of the battery is 

calculated based on the read battery voltage Vb, battery 
electromotive voltage Vbo, and battery current lb (step S104) . 

Rb= (Vbo-Vb) /lb ...(2) 

30 

Although the inner resistance Rb of the battery 22 is obtained 
using the above expression (2) in this embodiment, the inner 
resistance may be obtained based on the temperature of the battery 
22. For example, correlation between the inner resistance Rb and 
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temperature of the battery 22 may be obtained in advance in an 
experiment and stored in the form of a map in the ROM 44, so that, 
given the temperature T of the battery 22, the inner resistance 
Rb corresponding to the given temperature T can be introduced from 
5 the map. An example of a map showing correlation between the inner 
resistance Rb and temperature of the battery 22 is shown in Fig. 
4. 

With the inner resistance Rb obtained, the optimum current 
range IR is determined based on the inner resistance Rb and the 

10 battery electromotive voltage Vbo read at step S100 (step S106) . 
Here, the optimum current range IR is a range of battery current 
lb corresponding to outputs which can be extracted from the battery 
22 by driving the DC/DC converter 24. Specifically, the optimum 
current range IR is a range the upper .limit of which is defined 

15 by a current corresponding to the maximum output BPmax which can 
be extracted from the battery 22. The optimum current range IR 
will be described below. 

An output BP which can be extracted from the battery 22 is 
expressed as the expression (3) using a battery voltage Vb and 

20 a battery current lb. 

BP=VbxIb ... (3) 

The battery voltage Vb is expressed as the expression (4) 
25 using the inner resistance Rb and electromotive voltage Vbo of 
the battery 22. 

Vb=Vbo-IbxRb ... (4) 

30 Substitution of the expression (4) into the expression (3) results 
in the expression (5) . 

BP= (Vbo-IbxRb) xlb 

=-Rb(Ib-Vbo/2Rb) 2 +Vbo 2 /4Rb ... (5) 
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The expression (5) exhibits output characteristics of the 
battery 22, as shown in Fig. 5, concerning correlation between 
a battery output BP and a battery current lb. As shown in Fig. 
5 5, in order to extract the maximum output Vbo 2 /4Rb from the battery 
22, the DC/DC converter 24 may be given driving control such that 
the battery current lb becomes equal to a value Vb/2Rb. As such, 
should driving control of the DC/DC converter 24 be conducted such 
that the battery current lb exceeds a value Vb/2Rb, power 
10 consumption by the inner resistance Rb of the battery 22 will 
increase, resulting in drop of output BP extracted from the battery 
22. 

Fig. 6 shows output characteristics of the battery 22 with 
its inner resistance Rb equal to a value RO and those with its 

15 inner resistance Rb equal to a value Rl (R1>R0) . As shown in Fig. 
6, with the inner resistance Rb equal to a value RO, the amount 
of output corresponding to a required output P of the load can 
be provided using an output BP extracted from the battery 22 . With 
the inner resistance Rb equal to a value Rl, on the other hand, 

20 it cannot be fully provided using an output BP from the battery 
22. When such an amount of power cannot be fully provided using 
an output BP from the battery 22, and should the DC/DC converter 
24 then be given driving control so as to increase the battery 
current lb over a value Vb/2Rb (that is, to increase a boosting 

25 rate) , only a reduced amount of output BP can be extracted from 
the battery 22 . With a drop of output BP extracted from the battery 
22, the shortage is compensated for using the power stored in the 
capacitor 26 and, therefore, the voltage of the capacitor 26 is 
remarkably reduced . 

30 Therefore, in such a case, when driving control of the DC/DC 

converter 24 is conducted such that the battery current lb remains 
in a current range having an upper limit of a value Vb/2Rb, the 
maximum output BPmax from the battery 22 can be reliably obtained 
while a voltage drop with the capacitor 26 can be minimized even 



when the amount of power corresponding to the required output P 
of the load 28 cannot be fully provided using an output BP of the 
battery 22. 

Here, it should be noted that the optimum current range IR 
5 is not necessarily a range having an upper limit def inedby a current 
value Vb/2Rb corresponding to the maximum output BPmax of the 
battery 22 . Alternatively, the optimum current range IR may have 
an upper limit defined by a value slightly smaller than a current 
value Vb/2Rb or even by a value little larger than a value Vb/2Rb 

10 as long as it is within a tolerable range. 

After setting the optimum current range IR as described above, 
whether or not the battery current lb remains in the optimum current 
range IR is determined (step S108) . When it is determined that 
the battery current lb remains in the optimum current range IR, 

15 it is concluded that the duty ratio D calculated at stepS102 requires 
no limitation. Thus, the. DC/DC converter 24 is given driving 
control using the duty ratio D (step S110) and a limitation flag 
Fis turned off (stepS112) before the present routine is completed . 

Meanwhile, when it is determined that the battery current 

20 lb does not remain in the optimum current range IR, the duty ratio 
D calculated at step S102 is limited such that the battery current 
lb remains in the optimum current range IR. Thereafter, the DC/DC 
converter 24 is given driving control using the thus limited duty 
ratio D (step S114) and the limitation flag F is turned on (step 

25 S116) before the present routine is completed. It should be noted 
that the limitation flag F indicates whether or not a current duty 
ratio D is limited and is used in driving control of the load 28 
to be described later. 

In the following, driving control of the load 28 will be 

30 described. 

Fig. 7 is a flowchart of an example of a load driving control 
routine to be executed by an electronic control unit 40 of the 
driving system 20 in this embodiment . This routine is repetitively 
performed at predetermined intervals of time (e.g., every 0.2 



msec) . 

Upon start of the load driving control routine, the CPU 42 
of the electronic control unit 40 reads a load requiring output 
P which is to be used as a command value concerning driving of 
5 the load 28 (step S150) . Then, whether or not the limitation flag 
F, as manipulated at steps S112 and S116, remains in an ON state 
is determined (step S152). When it is determined that the 
limitation flag F remains in an OFF state, in other words, when 
the duty ratio D of the DC/DC converter 24 is not limited at the 
10 step S110 of the routine of Fig. 3, the load 28 is given driving 
control so as to be driven using an output corresponding to the 
load requiring output P (step S154) before the present routine 
is completed. 

Meanwhile, when it is determined that the limitation flag 
15 F remains in an ON state, in other words, when the duty ratio D 
of the DC/DC converter 24 is limited at step S114 of the routine 
of Fig. 3, the load 28 is given driving control while limiting 
the load requiring output (or using a limited output LP) . This 
limitation is employed to reduce an output of the load 28 while 
20 considering thatan output BP corresponding to a load requiring 
output P cannot be fully extracted from the battery 22 when the 
duty ratio D of the DC/DC converter 24 is limited. This arrangement 
makes it possible to bring the voltage Vc of the capacitor 26 into 
a stable condition (condition near a target voltage Vc* ) bybringing 
25 the output from the battery 22 and that from the load 28 closer 
to each other. 

It should be noted that limitation of a load requiring output 
P (a limited output LP) can be applied, for example, through 
subtraction of a deviation energy from a load requiring output 
30 P, the deviation energy being a deviation between the amount of 
energy of the capacitor 26 corresponding to the capacitor voltage 
Vc which is determined by the voltage sensor 34 in the current 
routine and that in the last routine. That is, the limitation 
of a load requiring output P can be achieved using the expression 



(6) , in which C represents a capacitance of the capacitor 26. 

LP=P-Cx (present Vc 2 -last Vc 2 )/2 ... (6) 

5 Alternatively, the limitation of a load requiring output 

P can be achieved using, as a load requiring output P, a limited 
output LB which is obtained through subtraction beforehand by a 
predetermined value, or using, as a limited output LP, a load 
requiring output P which is read in the last routine. 

10 After driving the load 28 at step S156, a capacitor target 

voltage Vc* and a capacitor voltage Vc, which is detected using 
the voltage sensor 34, are read (step S158), and whether or not 
a deviation between the capacitor target voltage Vc* and capacitor 
voltage Vc exceeds a threshold AVref is determined (step S160) . 

15 When it is determined that the deviation exceeds the threshold 
AVref, the driving system 20 is terminated (step S162) before 
the present routine is completed. 

Specifically, a deviation in excess of the threshold A 
vref indicates that the voltage Vc is significantly deviate from 

20 the target voltage Vc* of the capacitor 26 even though an output 
of the load 28 is limited, which is considered as an abnormal 
operation of the driving system 20 and the operation of the driving 
system 20 is thus terminated. The driving system 20 can be 
terminated by halting switching operation of the transistors Tl, 

25 T2 of the DC/DC converter 24 or driving of the load 28. 

Meanwhile, when it is determined that the deviation between 
the capacitor target voltage Vc* and the capacitor voltage Vc is 
less than or equal to the threshold value A Vref , it is considered 
that the driving system 20 is in a normal operation and the present 

30 routine is completed. 

In the driving system 20 according to this embodiment as 
described above, a duty ratio D is adjusted such that a battery 
current lb remains in the optimum current range IR having an upper 
limit def inedby a current value corresponding to the maximum output 
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BPmax of the battery 22 and driving control of the DC/DC converter 
24 is applied using the thus adjusted duty ratio D. This 
arrangement ensures the optimum power PBmax which can be output 
from the battery 22, so that a voltage drop of the capacitor 26 
5 can be suppressed, while driving the load 28 in a stable condition, 
even when a power corresponding to an output P required by the 
load 28 cannot be extracted from the battery 22. 

Moreover, because the output of the load 28 is limited when 
the duty ratio D is limited, the voltage Vc of the capacitor 26 

10 can be maintained at a more stable condition using the target voltage 
Vc* . This allows use of any capacitor 2 6 having a smaller capacity. 
Further, as operation of the system is terminated should, despite 
limitation imposed on an output of the load 28, the voltage Vc 
of the capacitor 26 not be in a stable condition, system safety 

15 can be ensured. 

In the following, a driving system 120 according to a second 
embodiment of the present invention will be described. 

Fig. 8 is a schematic diagram showing a structure of a driving 
system 120 according to a second embodiment of the present invention . 

20 The hardware structure of the driving system 120 according to the 
second embodiment is identical to that of the driving system 20 
in the first embodiment, with the notable exception that the driving 
system 120 does not have a current sensor 32, which is included 
in the driving system 20. Therefore, structural elements of the 

25 driving system 120 in the second embodiment, identical to those 
of the driving system 20 in the first embodiment are identified 
using similar reference numbers added by 100, and not explained 
again . 

Fig. 9 is a flowchart of an example of a DC/DC converter 
30 driving control routine to be executed by the electronic control 
unit 140 of the driving system 120 in the second embodiment. That 
is, the driving system 120 in the second embodiment performs the 
routine of Fig. 9, rather than that of Fig. 3. This routine of 
Fig. 9 is repetitively performed at predetermined intervals of 
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time (for example, 0.2 msec). 

Specif ically, upon start of the DC/DC converter driving 
control routine, the CPU 142 of the electronic control unit 140 
reads a capacitor target voltage Vc*, a capacitor voltage Vc, a 
5 battery voltage Vb, and a battery electromotive voltage Vbo (step 
S200) . Then, the CPU 142 calculates a duty ratio D based on the 
read capacitor target votlate Vc* and battery voltage Vb and using 
the expression (1) described above (stepS202), and then determines 
the optimum duty range DR based on the read out capacitor voltage 

10 Vc and battery electromotive voltage Vbo (step S204) . Here, the 
optimum duty range DR is a range of duty ratios D corresponding 
to outputs which can be extracted from the battery 22 by driving 
the DC/DC converter. Specifically, the lower limit of the optimum 
duty range DR is defined by a duty ratio D corresponding to the 

15 maximum output BPmax which can be extracted from the battery 122. 

In the following, the optimum duty range DR will be described 
in detail. 

An output BP when the driving system 120 is viewed from the 
load 128 is expressed using the expression (7) below, based on 
20 the duty ratio D, the capacitor voltage Vc, and the battery current 
lb. 

BP=VcxIbxD ... (7) 

25 The battery current lb is expressed using the expression (8) below. 
Ib=(Vbo-DxVc) /Rb ... (8) 

Substitution of the expression (8) into the expression (7) results 
30 in the expression (9). 

BP=-Vc 2 /Rb (D-Vbo/2Vc) 2 +Vbo 2 /4Rb ... (9) 

The expression (9) exhibits output characteristics of the 
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battery 122, as shown in Fig. 10, concerning correlation between 
an output BP and a duty ratio D. As shown in Fig. 10, in order 
to extract the maximum output Vbo 2 /4Rb from the battery 122, the 
DC/DC converter 124 is to be given driving control such that the 
5 duty ratio D becomes equal to a value Vbo/2Vc. As such, should 
driving control of the DC/DC converter 124 be conducted such that 
the duty ratio D becomes smaller than a value Vb/2Vc (that is, 
to increase a boosting rate) , an output BP extracted from the battery 
122 will decrease. 

10 Therefore, when driving control of the DC/DC converter 124 

is conducted such that the duty ratio D remains in a range having 
a lower limit of a value Vbo/2Vc, the maximum output Bpmax from 
the battery 122 can be ensured while the load 128 can be driven 
in a stable condition. 

15 Here, it should be noted that the optimum duty range DR is 

not necessarily the range having a lower limit defined by a current 
value Vbo/2Vc corresponding to the maximum output BPmax of the 
battery 122 . Alternatively, an output value slightly smaller than 
the maximum output of the battery 122 may be set as an output upper 

20 limit while a regenerative upper limit is also set, so that a range 
defined by the lower duty ratio Dlow corresponding to the output 
upper limit and by the upper duty ratio Dhi corresponding to the 
regenerative upper limit may be used as the optimum duty range 
DR. Still alternatively, a value slightly larger or smaller than 

25 a duty ratio Vbo/2Vc may be used as the upper limit, as long as 
it is within a tolerable range. 

After setting the optimum duty range DR as described above, 
whether or not, the duty ratio D calculated at step S202 remains 
in the optimum duty range DR is determined (step S206) . When it 

30 is determined that the duty ratio D remains in the optimum duty 
range DR, the DC/DC converter 124 is given driving control using 
the duty ratio D (step S208) and a limitation flag F is turned 
off (step S210) before the present routine is completed. 

Meanwhile, when it is determined that the duty ratio D 
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calculated at step S202 does not remain in the optimum duty range 
DR, the duty ratio D is limited so as to remain within the optimum 
duty range DR and the DC /DC converter 124 is given driving control 
using the thus limited duty ratio D (step S212) . Further, the 
5 limitation flag Fis turned on (stepS214) before the present rout ine 
is completed. 

As described above, as driving control of the DC/DC converter 
124 is conducted such that the duty ratio D remains in the optimum 
duty range DR, the driving system 120 in the second embodiment 

10 can ensure the maximum output BPmax from the battery 122 and thus 
produce the same advantage as that of the driving system 20 in 
the first embodiment. In particular, because inner resistance 
of the driving system 122, which cannot easily be calculated with 
accuracy, is not used as a control parameter for the DC/DC converter 

15 124, controllability of the DC/DC converter 124 can be enhanced. 
However, through the load driving routine of Fig. 7, the same 
advantage as that of the driving system 20 in the first embodiment 
can be obtained also with respect to driving of the load 128. 

In the following, a driving system according to a third 

20 embodiment of the present invention will be described. The 
hardware structure of the driving system according to the third 
embodiment is identical to that of the driving system 120 in the 
second embodiment. Therefore, structural elements of the 
modified driving system identical to those of the driving system 

25 120 in the second embodiment are not explained again. 

The third driving system performs a DC/DC converter driving 
control routine as shown in Fig. 12, rather than that of Fig. 3 
or Fig. 9. Specifically, upon start of the routine, the CPU of 
the electronic control unit reads a capacitor target voltage Vc*, 

30 a battery voltage Vb, and a battery electromotive voltage Vbo (step 
S300) . Then, the CPU calculates a duty ratio D based on the read 
capacitor target votlate Vc* and battery voltage Vc and using the 
above-described expression (1) (step S302) and determines 
whether the battery voltage Vb read at step S300 is greater than 
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or equal to a value Vbo/2 (step S304) . When it is determined that 
the battery voltage Vb is greater to or equal to a value Vbo/2, 
the DC/DC converter is given driving control using the duty ratio 
D calculated at step S302 (step S306) and the limitation flag F 
5 is turned off (step S308) before the present routine is completed. 

Meanwhile, when it is determined that the battery voltage 
Bv is smaller than a value Vbo/2, the duty ratio D is limited such 
that the battery voltage Vb becomes greater than or equal to a 
value Vbo/2 (that is, to increase a boosting rate) . Then, the 
10 DC/DC converter 124 is driven using the thus limited duty ratio 
D (step S310) and the limitation flag F is turned on (step S314) 
before the present routine is completed. 

Here, the significance of the determination made at S304 
as to whether or not the battery voltage Vb is greater than or 
15 equal to a value Vbo/2 will be described. 

A battery voltage Vb can be calculated based on a battery 
electromotive voltage Vbo, a battery current lb, and inner 
resistance Rb and using the expression (10) below. 

20 Vb=Vbo-IbxRb ... (10) 

Meanwhile, as a battery current lb when the maximum output 
Bpmax is extracted from a battery is equal to a value Vbo/2Rb, 
as described above with reference to the driving system 20 in the 
25 first embodiment, a battery voltage Vb at this time can be expressed 
using the expression (11) below. 

Vb=Vbo/2 ... (11) 

30 From the fact that driving control of the DC/DC converter 

24 is conducted such that a battery current lb becomes less than 
or equal to a value Vbo/2Rb in the driving system 10 of the first 
embodiment, it can be understood that driving control of the DC/DC 
converter must be conducted such that the battery voltage Vb becomes 
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equal to Vbo/2 or larger, in other words, a voltage drop due to 
the inner resistance of the battery becomes equal to a value Vbo/2 
or smaller in the driving system of the third embodiment. This 
is the significance of the determination as to whether or not the 
5 battery voltage Vb is greater than or equal to a value Vbo/2. 
Therefore, the driving system in the third embodiment also can 
produce the same advantage as that which can be produced by the 
driving systems 20, 120 in the first and second embodiments. 
Through the load driving routine of Fig. 7, the same advantage 
10 as that which can be obtained by the driving system 20 in the first 
embodiment can be obtained also with respect to driving of the 
load 128. 

It should be noted that, although driving control of the 
DC/DC converter is conducted using a limited duty ratio D when 

15 the battery voltage Vb is smaller than a value Vbo/2, a limited 
duty ratio D may be used in driving control of the DC/DC converter 
when the battery voltage Vb is smaller than a value slightly larger 
than a value Vbo/2. Alternatively, a limited duty ratio D may 
be used in driving control of the DC/DC converter also when the 

20 battery voltage Vb is smaller than a value slightly smaller than 
a value Vbo/2 as long as it is within a tolerable range. 

In the following, a fourth embodiment of the present 
invention will be described. The hardware structure of the fourth 
embodiment is identical to that of the first embodiment of Fig. 

25 1. 

In the fourth embodiment, a battery voltage Vb, a battery 
current lb, and a battery electromotive voltage Vbo of the battery 
22 are determined, similar to the above embodiments, and an inner 
resistance Rb of the battery 22 is always detected using the 
30 above-described expression (2) . Further, the maximum permissible 
current Ibmax is determined based on at least one of the capacity 
of a current which can be supplied to the transistors Tl, T2, which 
serve as switching elements of the DC/DC converter 24, or that 
which can be supplied to the battery 22, and stored in the ROM 



44 or the like in the electronic control unit 40, for example. 
That is, the maximum permissible current Ibmax is determined by 
selecting either one, or a larger one, of the capacities of a current 
which can be supplied to the transistors Tl, T2 or which can be 
5 supplied to the battery 22. It should be noted that any 
non-volatilememory may be employed for the ROM 44 , with a rewritable 
EEPROM or a flash memory being preferable. 

The upper and lower limits of a duty ratio D in switching 
of the transistors Tl, T2 are determined based on the maximum 

10 permissible current Ibmax, an inner resistance Rb of the battery 
22, an electromotive voltage Vbo of the battery 22, and a voltage 
Vdc of the capacitor 26, and the switching in the DC/DC converter 
24 is limited such that the duty ratio D remains in that range. 

That is, as indicated by the above expression ( 8 ) , the current 

15 lb of the battery 22 is expressed as Ib= ( Vbo-DxVc) /Rb, the duty 
ratio D is expressed as D= ( Vbo-Rbxlb) /Vc . Then, the duty ratio 
D is controlled so as to remain in a range ( Vbo-Rbxlbmax) /Vc 
(Vbo-Rbx (-Ibmax) /Vc, wherein the positive sign attached to 
Ibmax corresponds to a direction of discharging from the battery 

20 22, while the negative sign corresponds to the direction of 
charging. 

Operation according the fourth embodiment will be described 
referring to Fig. 13. 

Initially, a command concerning a target voltage Vc* of the 
25 capacitor 26 and the maximum permissible current Imax are received 
(S400) . It should be noted that a battery voltage Vb, a battery 
curreht lb, a battery electromotive voltage Vbo, and inner 
resistance Rb are also received. 

Based on the received target voltage Vc*, a duty ratio command 
30 D is calculated (S402) . This calculation is performed as 
D= (Vbo-Vb) /lb, similar to the above. 

Subsequently, the lower limit Dmin= (Vbo-Rbxlbmax) Vc and 
Dmax= (Vbo-Rbx (-Ibmax) ) /Vc of the duty ratio D are calculated 
(S404) . 
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Then, whether or not the duty ratio D calculated at S402 
remains in a range defined by the lower limit Dmin and the upper 
limit Dmax is determined (S406) . When it is determined as YES 
at S406, the DC/DC converter 24 is driven using the calculated 
5 duty ratio D (S408) . Meanwhile, when it is determined as NO at 
S406, the DC/DC converter 24 is driven using the duty ratio Dmin 
in the case where the duty ratio D is smaller than the value Dmin 
or the duty ratio Dmax in the case where the duty ratio D is larger 
than the value Dmax, so that the duty ratio D remains in a range 

10 Dmin ^D^ Dmax (S410) . 

As described above, by controlling the duty ratio of the 
transistors Tl, T2 so as to remain in a predetermined range, it 
is possible to limit the current lb so as not to exceed the maximum 
permissible current of the transistors Tl, T2, which serve as 

15 switching elements of the DC/DC converter 24, or the maximum 
permissible current of the battery 22. 

In the following, a fifth embodiment of the present invention 
will be described . Although whether or not the duty ratio D remains 
in a predetermined range is determined and the duty ratio is 

20 controlled such that the battery current lb remains in a 
predetermined range in the fourth embodiment, in the fifth 
embodiment whether or not the battery current lb remains in a 
predetermined range is determined and, when it does not, the duty 
ratio is adjusted such that the battery current lb remains in the 

25 predetermined range. 

Initially, a command concerning a target voltage Vc* of the 
capacitor 26 and the maximum permissible current Imax are received 
(S500) . In addition, a battery voltage Vb, a battery current lb, 
a battery electromotive voltage Vbo, and inner resistance Rb are 

30 also received. Based on the received target voltage Vc*, a duty 
ratio command D is calculated (S502) . This calculation is 
performed as D= ( Vbo-Vb) /lb, similar as in the above. The 
processing at S500 and S502 is identical to that at S400, S402. 

Subsequently, a battery current lb is received (S504) and 



whether or not the received battery current lb is greater than 
or equal to 0 is determined (S506) . 

Determination of YES at S506 indicates that the current lb 
is in a discharging direction. Then, whether or not the current 
5 lb exceeds the maximum permissible current Ibmax is determined 
(S508) . In such a case, when the determination at S508is YES, 
the current lb remains out of a predetermined range and variable 
X=a is set (S510) . Meanwhile, a determination of NO at S508 
indicates that the current lb remains in a predetermined range 
10 and variable X=0 is set (S512) . 

Determination NO at S506 indicates the current lb in a 
discharging direction and, then, whether or not the current lb 
is smaller than the maximum permissible current -imbax is 
determined (S514) . Determination YES at S514 indicates that the 
15 current lb remains out of a predetermined range and a variable 
X=-a is set (S516) . Meanwhile, determination NO at S514 indicates 
that the current lb remains in a predetermined range and the variable 
X=0 is set (S518) . 

Then, the variable X is added to the duty ratio D calculated 
20 at S502 to thereby limit the duty ratio and driving control of 
the DC/DC converter 24 is conducted based on the limited duty ratio 
D (S520) . That is, when the current Ibis in a discharging direction 
and in excess of Ibmax, a is added to the calculated duty ratio 
D to thereby expand a period with the upper transistor Tl remaining 
25 in an ON state and reduce the current lb. When the current lb 
is in a charging direction and smaller than Ibmax, on the other 
hand, -a is added to the calculated duty ratio D to thereby expand 
a period with the lower transistor T2 remaining in an ON state 
and reduce the charge current lb. 
30 In tne fifth embodiment, by controlling the duty ratio of 

the transistors Tl, T2, similar to the fourth embodiment, it is 
possible to limit the current lb so as not to exceed the maximum 
permissible current of the transistors Tl, T2, which serve as 
switching elements of the DC/DC converter 24, or the maximum 
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permissible current of the battery 22. 

It should be noted that the driving systems of the fourth 
and fifth embodiments can be used in combination with any 
combination of those of the first, second, and third embodiments 
5 as described above. 

It should also be noted that, although the electric control 
units 40, 140 conduct driving control of both the DC/DC converters 
24, 124 and the loads 28, 128 in the driving systems 20, 120 of 
the first through fifth embodiments, driving control of the DC/DC 

10 converters 24, 124 and the loads 28, 128 may be conducted using 
separate electronic control units which exchange information 
through communication . 

It should also be noted that, although capacitors 26, 126 
are provided between the DC/DC converters 24, 124 and the loads 

15 28, 128 in the driving systems 20, 120 in the first through fifth 
embodiments, may also be configured such that the capacitors 26, 
126 are not be provided. 

According to one aspect, there is preferably provided a 
program for having a computer to operate as a control system for 

20 applying driving control to a DC/DC converter and/or a load. 
According to another aspect, there is preferably provided a 
computer readable recording medium which stores the program. This 
medium may include any of a variety of recording media, such as 
a CD-ROM, DVD-ROM, a flexible disk, or the like. By installing 

25 such a program into a computer and executing the computer, an 
advantage of the present invention can be similarly produced. 

In the above, embodiments of the present invention are 
described while referring to examples. However, the present 
invention is not limited to these examples and can be implemented 

30 in a variety of manners without departing from the scope of the 
present invention . 



22 



